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1.0 SUMMARY

-Manufacturing technology has been developed for the production of hybrid elas-
tomer seals to be used as iaput seals for current and advanced helicopter

transmissions. Methods for manufacturing and assembling the seal components

* have proven successful and can be employed for lot sizes of 500 to 1000 units

without wadification. Two seals were chosen to represent the range of sizes
presently used in the application of elastomeric lip seals. These seals were

examined under this program to formulate the necessary manufacturing techniques . "
and processes.A:.A 139.2 m- (5.481 in.) diameter bore seal as found on the UH-"
helicopter, and a 63.5 m (2.500 in.) diameter bore seal as found on the OH-58

helicopter were studied to accomplish the initial program objectives.

The elastomer molding effort was carried out under MTI supervision by the Irving - -

B. Moore Corporation, a well-known rubber molding firm located in Cambridge,

Massachusetts. The molding technique, which incorporated a multipiece

injection mold, demonstrated production in lots of 500 to 1000 to be practical.

The molding process produced an excellent bond joint between the steel housing

and elastomer that did not leak nor delaminate under stress due to pressure and

torsion.

In conjunction with the Stein Seal Company of Philadelphia, Pennsylvania, a
manufacturing technique for producing the carbon graphite sealing segment

insert proved successful for the 500- to 1000-unit production lot.

Seal garter springs were manufactured by York Spring Co. of South Elgin, Illi-

nois.

After the successful production of the molded elastomers and carbon ring

insertr*, specialized assembly tools were constructed to permit rapid and accu-

rate insertion of the carbon rings into the elastomers.

Lastly, the assembled seals were subjected to a test program to evaluate their

performance under both static (nonrotating) and dynamic (rotating) conditions.

Static seal tests were conducted to determine seal contact percent and air leak-

age rates. Dynamic tests were conducted at rubbing velocities of 50.8, 76.2,

-7-
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and 102 m/s (10,000, 15,000, 20,000 ft/min) at differential pressures of 0,

6.9 x 10" , and 1.4 x I02 MPa (0, 1, 2 psi). A seal runner TIR of 0.025 mm

(Q.001 in.) was used throughout the tests.

Seal leakage rates ranged from a low of 1.9 cc/hr to as high as 400 cc/hr with

friction torque varying from 1.5 N.m (1.1 ft-lb) to 3.7 N.m (2.7 ft-lb). Wear

rates from a low of 0 to a high of 0.010 mm/hr (0.0004 in./hr) were measured.

Seal leakage is attributed primarily to the extreme test requirements of direct

oil jet impingement which is much more severe than actual operating conditions.

A contributing factor for the seal leakage lies in the carbon ring design. The

tapered bore wore away rapidly, producing wear debris which collected between

the seal's carbon elements, thereby producing leakage paths. A chanee from

tapered bore to wind-back grooves in the carbon element design would substan-

tially improve the oil retention capability of the seal without affecting the

results of the manufacturing technology study reported herein.

"I.2
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2.0 INTRODUCTION

The overall objective of the work described herein was to develop the manufac-

turing technology for a NASA-invented, hybrid elastomeric seal employing

segmented carbon rings carried in an otherwise elastomeric lip seal structure
;, [1]*.

Elastomeric lip seals are, in general, a low-cost, effective means of sealing

transmission shafts where the pressure difference is moderate. However, where

the input shaft speed is high, as in advanced helicopter transmissions, high

surface velocities may result in early failure of the simple lip seal, leading

to early removal of transmissions for replacement. Since carbon rubbing

surfaces perform much better than lip seals at higher surface velocities,

NASA-Lewis designed a seal that would retain most of the low-cost advantages of

an elastomeric lip seal and would yield high performance by incorporating carbon

rings as the rubbing surface. A design constraint for the hybrid elastomeric

seal was that it must be a direct replacement for presently used lip seals.

Installation of segmented rings into an elastomeric member eliminates much of

the precision machining of the mechanical seal, allows antirotation features to

be obtained without additional machining operations, and minimizes the envelope

size. The purpose of this manufacturing program was to develop processes and

techniques for fabricating the carbon ring segments and molding the elastomeric

element to accommodate the segments, and to develop means to assemble the seal

components.

*Numbers in brackets indicate references listed in Section 8.0.

-9-
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3.0 SEAL DESIGN AND FABRICATION

3.1 Seal Design

The hybrid elastomer seal [2,3] had evolved into the configuration represented

by NASA drawings CC853227 and CD853998. Final production drawings for both the

large and small seals are found at the end of the report, a list of these draw-
ings is provided in Appendix A. A representative cross section of the seal

evaluated in this program is illustrated in Figure 1. The seal components

consist of an outer seal ring housing to which is bonded an elastomer seal body.

The seal body incorporates internal cavities sized to accept the segmented

carbon graphite seal rings. Six antirotation stops are molded into the elastom-

er three equally spaced for the oil-side carbon ring segments, and

three equally spaced for the air-side segments, with one set offset

600 fromtbe other. Two garter springs and an inner seal ring housing used for

garter spring containment complete the seal assembly. Table 1 lists the seal

components, their materials of construction and treatment.

3.2 Seal Manufacture

3.2.1 Carbon Graphite Seal Rings

*Each assembled seal includes two three-segment, carbon graphite seal rings

placed back-to-back. All segments are fabricated as a set according to the

dimensions found on the detailed part drawings 399D05 and 399D08 and illustrated

on Figure 2. The seal rings were manufactured using normal production tooling

capable of providing acceptable piece parts in production lot quantities of 500

to 1000 total seal sets. A photograph of carbon ring segments is shown in

Figure 3.

3.2.2 Molded Elastomer

The only difficult seal component to manufacture was the molded elastomer. In

reviewing the design from the standpoint of manufacturing technology, MTI and

its team members concluded that the carbon segments were too slender and fragile

to survive the rubber molding process if they were to be included in the mold.

-11i-
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Outer Seal Ring Housing

Inner Seal Ring Housing

GTAW Tack Weld
4 Places Equally spaced

Garter Springs Molded Elastomer

Antirotation Key

Carbon Graphite Seal Ring

Figure 1. Cross Section of Hybrid Elastomer Seal.
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TABLE 1. MATERIALS OF CONSTRUCTION

Component MaterialTramn

Outer Seal Ring Housing AISI Type Fl nel
1018 Cold Drawn Black Oxide* Per

Inner Seal Ring Housing Seamless Tubing AM-2485

MIL-R-83248
Molded Elastomer Fluorcarbon None

70 Durometer

Seal Rings Pure Carbon P-25 None

Garter Springs AIITe3234None
Stainless Tubing

*Performed after molding.

-13-
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120* Carbon
Retaining
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2 He Ught Bands

11D +,000+.00) .25/17602-.001 (-.025) .01/.03) (.0001)

Section A-A

Dimensions given in mm (in.)

Figure 2. Typical Seal Segment.
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This conclusion is based on the existence of large internal forces generated as

the very high viscosity fluorocarbon is forced through the mold at molding pres-

sures reaching 50,000 psi. Therefore, the recommended alternate approach was to

mold precision pockets for the carbon segments in the elastomer-molded seal

structure, including the antirotation stops. A simple assembly fixture could

then be used to insert the carbon segments into the precision molded pockets.

The additional requirement that the carbon not adhere to the rubber after mold- -

ing was easily met by this technique.

Figure 4 shows a cross section of the final molded shape and its required dimen-

sions. In order to meet these dimensional requirements, the effects of elastom- .

er shrinkage during the molding and post-cure cycle had to be accounted for.

For the hybrid elastomer seal, the shrinkage value of the elastomer is not a

constant; rather, it is some nonlinear function of the axial distance of the

molded section from its attachment point on the outer seal housing, its nominal -.

diameter, and its radial thickness.

A mold that would provide geometrically acceptable parts while accounting for

the fluorocarbon shrinkage proved very difficult to produce and required several

trial-and-error builds until a mold meeting this requirement was produced. No

. drawings exist for the mold, which remains the property of the molder; reorder-

ing would be by drawing number of the component required. The final mold

design, capable of producing production lot quantities of molded parts,

consisted of a single-cavity multipart injection mold, as shown in Figure 5.

Figure 6 shows a cross section of the final molded configuration; excluded from

the photo are the antirotation lugs. The natural variability of the shrink rate

for molded fluorocarbon precludes maintaining the precise tolerances included

on the piece parts drawings. Tolerances closer than ±0.25 mm (0.01 in.) gener-

ally cannot be maintained. The normal variations which occurred in the molded

. parts examined under this program were easily accommodated by the flexibility of

'- the elastomer.

A problem typical to the molding process for fluorocarbon elastomers developed

Sduring the time that the elastomer part was removed from the mold prior to the

post-cure cycle. Nearly 40% of the molded parts suffered from hot-tearing

*i during removal. No means were devised to prevent this loss, which was due to the

-16-
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intricate interior elastomer cavities required by the seal design and the

natural tendency for fluorocarbons to exhibit this behavior.

3.3 Garter Springs

The hybrid seal's garter springs were made from AISI type 304 stainless steel

wire 0.380 mm (0.015 in.) in diameter. The springs were close wound to a 1.570

m (0.062 in.) nominal outside diameter. A four-turn nib was placed on one end

of each 508 m (20.0 in.) long spring. Springs were cut to length at assembly to

ensure proper spring tension.

3.4 Component Inspection

Each seal component was inspected prior to assembly to establish conformity to

drawings and specifications. Normal inspection-room metrology techniques were

used and no special gages or fixturing were employed.

Agreement between requirements and components was found to be good, with the

exception of one area: the inability to hold the precise tolerances specified

for the molded elastomer. Reasons for this exception were covered in Section

3.2 of this report.

3.5 S4al Assembly

Specialized fixtures were developed *to assure proper assembly of the hybrid

seal. Figure 7 illustrates schematically a typical carbon ring insertion

fixture design. Detailed parts drawings for the assembly tooling are included

in the back of the report; a complete listing is included in Appendix A. The

fixture includes a main body to which is keyed a removable lower seal ring

indexer. The indexer contains three equally spaced separators for accurately

positioning three adjacent carbon ring segments. After all six carbon ring

segments are installed in the fixture, the seal ring clamp, also keyed to the

main body, is positioned to retain the carbon ring. The upper seal ring indexer

is then installed. The upper indexer, keyed to the ring clamp, also contains

three equally spaced separators to orient properly the second group of three

carbon ring segments. Figure 8 is a photograph of the actual fixture.

-20-
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Fixture Main Body

Seal Ring Clamp

Upper Seal Ring Indexer

Lower Seal Ring Indexer

Carbon Seal
Ring Segments

Figure 7. Schematic of Carbon Ring Installation Fixture.
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When assembling a seal, the seal's molded component, pressure side down, is

lowered over the fixture until its seal ring retention lip passes over the

carbon rings. The fixture is then inverted, the lower indexer removed, and the

retention lip eased over the carbons. The fixture is inverted again, and with

some slight up-and-down motion of the elastomer, the upper indexer is removed.

When the carbons are fully captured by the elastomer, the ring clamp is dis-

assembled and the seal removed.

At assembly, garter springs are cut to proper length. The proper garter spring

length is established by the following procedure:

1. From the detailed parts drawing for the molded elastomer dimensions,

the nominal garter spring length is calculated to be 471 mm (18.54 in.)

for the large seal and 227 m (8.93 in.) for the small seal. The appro-

priate number of springs are cut to this length.

2. When the nib end of each garter spring is screwed, in turn, into a

suitable receptacle, the spring is stretched with the appropriate

tension load of 8.90 N (2.0 lb) for the large seal and 7.78 N (1.75 lb)

for the small seal. In this stretched condition, the spring is cut to

the length specified in Step 1.

The springs are installed using the fixture shown in Figure 9. With carbon

rings installed, the seal is placed on the fixture; the garter springs are then

rolled over the fixture and into their proper positions in the seal.

-23-



-..--- Diameter of Garter Spring Seat in Sea

'Seal Seat

* Figure 9. Garter Spring Insertion Tool.
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4.0 SEAL TESTING

4.1 Seal Testing Program

The seal test program, as specified by the Statement of Work and later modified,

included the following tasks:

* Task 1 - Static Tests on 63.50 mm (2.500 in.) (Small) and 139.2 mm

(5.481 in.) (Large) Diameter Seals. Ten seals of each size were

checked for:

Light tightness

Lip contact percentage

Air leakage measurement

Seal lip contact force*.

The above tests were conducted with the following garter spring

tensions:

Small seal: 7.78 N (1.75 lb) per spring

Large seal: 8.90 N (2.00 lb) per spring.

* Task 2 - Dynamic Tests on the Large-Diameter Seals. Dynamic test-
ing of nine seals was performed according to the test matrix shown

on Table 2. The lubricant for all tests was type II turbine oil

(MIL-L-23699). Six tests were conducted using three lubricant

jets impinging directly on the seal carbons. Three tests employed

a single jet impinging on the runner.

4.1.1 Seal Inspection and Seal Rework

The test runs were interrupted to inspect the seals whenever the test parameters

indicated unusual seal operation. When inspection indicated that the test could

be satisfactorily continued after seal rework, the rework was performed and the

test continued. When a seal failed or its performance was unsatisfactory, an

*Not specified in SOW but included for completeness on the large seal.

-25-
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analysis was made to determine the cause of failure. Seal rework, where possi-

ble, was performed and the seal in question was retested.

4.1.2 Data Collection

Test data were collected as specified, including pretest data, recorded test

data, and post-test data. Prior to the start of seal testing, each seal to be

tested was measured for the following:

0 Rotor diameter

* Rotor roundness

0 Carbon thickness

0 Spring radial load

* Shaft taper.

The following parameters were measured and recorded during all test runs:

Seal lubricant leakage rate (by collection means)

* Sealed pressure

* Rig speed

* Temperature of lubricant (in and out)

- Torque

* Lubricant flow rate

* Shaft dynamic runout near seal location.

All items measured at the pretest inspection were re-examined at the completion

of each test. A careful visual examination was made of each seal, and photo-

graphs of normal as well as unusual post-test conditions were taken.

4.2 Seal Test Apparatus

4.2.1 Seal Contact Pressure Tester

A measure of the clamping force that a lip seal imparts to the shaft against

which it is working is related to garter spring tension and may be an indication

-27-
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of probable wear or leakage rates. To determine this force, a simple radial
force gage was constructed; see Figure 10. A detailed part drawing is listed in

Appendix A and is included in the pocket at the end of the report. The primary

element of this gage is the flexure arm which is calibrated using a dial indica-

tor and a strain gage bridge for measuring force. To use the fixture, the

adjusting screw is retracted, permitting the fixture to be collapsed for instal- -

lation of a lip seal on its appropriate gaging diameter. The adjusting screw is

then turned until the gaging diameter expands to the correct shaft diameters, as

indicated on the dial indicator. The force required to stretch the seal to this

position is read on the output of the strain gages. Subsequent checks of this

force can be used as an effective measure of seal usefulness since a falloff of

force is representative of seal wear. With sufficient test data, a base-line

force level can be established. Figure 11 shows the force gage calibration

curve for the two seal sizes examined. Sufficient test samples (only eight

large seals were tested) were not available, however, to establish a quality

acceptance criteria for the large or the small seals for this test.

4.2.2 Static Tester

The static seal tester, set up for measuring the large-diameter seal, is shown

in Figure 12. The tester consists of a simulated seal runner mounted in a light

. box. A circular fluorescent light bulb mounted in the light box provides the

illumination source. An 0-ring sealing adapter provides both a radial seal and

cover seal for isolating the test seal during leakage tests. With the cover

removed, the hybrid seal can be checked for light tightness and qualitatively

measured for percentage of contact by blueing procedures; with the cover

* linstalled, pressurization of the seal establishes its propensity for air

. leakage. Detailed drawings of the static tester and associated parts for both

• the large and small seal can be found in the pocket at the end of the report; the

drawings are also listed in Appendix A.

4.2.3 Dynamic Tester

*" Figure 13 shows a cross section of the seal test rig and Figure 14 shows a photo-

graph of the installed rig. The salient features of the tester can be described

-28-
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as follows. The test seal is mounted in a special carrier with O-rings

and @ and the buffered labyrinth seals 0 that preclude oil leakage around

the seal. A removable seal runner is also provided.

Test oil, specified as MIL-L-23699, is injected into the seal inlet cavity via

oil supply nozzles Q For six tests, three impinging jets were employed

supplying a total of 378 cc/min (1 gpm). For three tests, only one jet passing

oil at a rate of 125 cc/min (0.33 gpm) was employed, with the jet impinging on

the runner rather than the seal itself. In addition, each of the last three

seals to be evaluated were tested for only 2 hours at each test point, for a

total of 18 test hours.

Any oil leaking past the seal is collected in the oil discharge cavity 0 which

directs the oil to the collection container @. A second buffered labyrinth

seal @ prevents the interchange of leakage oil with other oil present in the

test head. The seal carrier is securely installed into a carrier housing

which is suspended from the tester housing by two ball bearings ®. This

arrangement permits sufficent rotational freedom to the carrier housing to allow

the addition of a torque measuring restraint @ . Two eddy-current position

sensors ( are mounted in the carrier housing to monitor seal runner excur-

sions during testing.

Under-seal oooling oil is provided by two oil feeders ® which direct oil at a

rate of 378 cc/min (1 gpm) into an internal collection cavity @ . From this

cavity, oil is centrifugally pumped through special channels under the seal

runner mount @ and under the rear labyrinth seal runner @ into the cooling

oil drain cavity @.

The entire test head is mounted on a high-speed precision ball bearing spindle

which is driven by a 74.6 kW (100 hp) variable-speed drive. Pressure gages are

connected to both the seal inlet and discharge cavities to monitor both level

and AP.

*Circled numbers identify rig components on Figure 13.
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5.0 TEST RESULTS

5.1 Test on the Small-Diameter Seal

Each of the eleven small-diameter seals sent to the Government were subjected to
static testing prior to shipment. Inspection reports covering the static test-
ing of these seals can be found in Appendix B. Dimensional and visual

inspection of these seals showed little or no difference in their physical char-

acteristics. Contact percentage showed only small differences concentrated

around the 80% level. However, a large variation occurred in the air leakage

test results. Air leakage for some seal assemblies exceeded 150 cc/hr. The _
discrepancy can, for the most part, be attributed to local irregularities in the

topography of the carbon insert's runner contact area and to the fact that the
tolerance of the actual axial length of the contact area is such that its length
can vary by three-to-one, giving rise to the possibility of a three-to-one flow

variation, all other parameters being equal. The small-diameter seals were not
subjected to dynamic testing prior to delivery to the Government.

The final dimensions (see Figure 2 )specified by the Government for the carbon

rings in the shaft-riding area precluded any possibility of lapping the seal

bore after assembly, since the lapping would rapidly remove any trace of the

desired axial taper. As a result of the inability to provide final bore

lapping, any tool marks left on the inner diameter of the carbon rings remained

in the assembled seals. These bands showed up as parallel heavy contact lines

after blueing.

5.2 Test on the Large-Diameter Seal

5.2.1 Static Tests

Each of nine large-diameter seals was subjected to static testing prior to

undergoing dynamic tests. Inspection reports covering the static testing of
these seals can be found in Appendix C. The large-diameter seals showed static

results very similar to those found for the small-diameter seals, that is, fair-
ly uniform readings of contact percentage as measured by blueing techniques with

wide variations in air leakage rates unrelated to either the blueing results or

-35-
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dimensional characteristics. Table 3 presents the static test results which

also duplicated the results for the small-diameter seals relative to the appear-

ance of the blueing imprints.

The very small land area for seal contact as defined by the carbon segment draw-

ing (Figure 2) precludes any possibility of lapping out the machining marks

which are evident on the blueing imprints. In addition to the static tests,

force gage readings (Section 4.2.1) were taken for all seals. The results of

these tests are shown in Figures 15 through 22 and are summarized in Table 4. It

is evident from Figures 15 through 22 that a significant amount of hysteresis is

present in the seal assembly.

5.2.2 Dynamic Tests

Each seal tested statically was also tested for dynamic performance. The dynam-

ic testing was targeted to provide leakage rates and torque data and to include

wear data at three levels of rubbing velocity and three differential pressures

across the seal. All seals were tested against runners which were machined to

have a 0.025 mm (0.001 in.) TIR runout. For consistency with existing trans-

mission seal runners, the test runners were fabricated from AISI type 304 series

stainless steel.

The wear data, data for seal runner degradation, and the total test time are

included in Table 5. Leakage rates and friction torque results are presented in

Table 6.
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TABLE 3. STATIC TEST RESULTS - LARGE-DIAMETER SEAL

Leakage
Seal No. Air Pressure Rate Blueing Contact

MPa (lb/in.2) cc/hr (%)

8 2.07 x 10-2  (3) 150 50

9 2.92 x 102 (4.25) 100 90

10 6.89 x 10-3  (1) 150 85

11 3.45 x 10 - 2  (5) 120 75

-212 1.38 x 10 (2) 150 75

13 3.03 x 10 - 2  (4.4) 70 85

-214 1.38 x 10 (2) 120 80

16 3.10 x 10 -2  (4.5) 110 70

17 1.73 x 10-3  (0.25) 150 80
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TABLE 4. SEAL FORCE MEASUREMENT RESULTS

3 SeaI Force
Seal No. Large Seal

8 28 N (5.6 lb)

9 31 N (6.7 lb)

10 29 N (6.5 lb)

11 39 N (8.8 lb)

12 38 N (8.5 lb)

14 44 N (9.9 lb)

16 45 N (12.0 lb)

1 17 40 N (9.0 lb) -
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6.0 DISCUSSION OF TEST RESULTS

It is evident from the dynamic test results that most test seals exhibited exces-

sive leakage, high friction torque, and high wear rates. The seals whose test-

ing was terminated prior to the completion of the prescribed test sequence were

examined for possible rework, but visual examination did not disclose any

logical methodology for improving performance. These shortened tests were not

resumed due to carbon segment damage during the disassembly or reassembly proc-

ess.

Post-test examinations of test seals disclosed several features which might have

contributed to high leakage. A photograph of a typical post-test seal is shown

in Figure 23. The close-up photographs of the seal-shaft contact area identify

several problem areas such as circumferential scratches due to wear debris (A),

separation of segments due to the introduction of wear debris into the interface

(B), and loss of seal insert material (C). The seal segment distress visible on

the photographs is typical of all the seals tested. In addition to the seal

contact area distress, seal wear may be indicative of the seals' high leakage

rates.

There are strong indicators that more wear occurs on the air side sealing

segments than on the oil side segments, leading to the possibility of seal roll-

over as a possible cause of high leakage rates [3]. Seal rollover is a common

feature of ordinary lip seals.

The seal runners also showed severe wear, as exemplified by the pre- and

post-test surface finish measurements of seal runners; see Table 5. Severe

scoring of the runner surface over the short amount of run time does not provide

the confidence needed for long-term satisfactory seal operation.

When high seal leakage rates were recorded during the test program, a simple

test was performed to determine whether undershaft cooling oil was leaking into

the seal discharge port. For short periods of time, all undershaft cooling flow

was terminated; since no noticeable change in leakage flow rates was noted, it

was concluded that all the measured leakage did in fact come from the seal.
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A review of the test procedure was also made to establish a reasonable cause for

the high leakage rates recorded. Several test parameters, upon post-test review,

seem severe when compared to the actual conditions that would be experienced in

the field. Some conditions which seem excessive are:

6.9 x 10 - MPa (1 psi) and 1.4 x 102 MPa (2 psi) differential pressure

across test seal

* Surface velocities up to three times greater than those found in existing

helicopters

* Excessive oil impinging on seal carbons; for six tests, oil at a flow rate

of 1 gpm was jetted directly against the seal carbons. For three test

conditions, this rate was reduced by 1/3 and was directed more against

the seal runner but still in very close proximity to the seal carbons.

Additional work on hybrid elastometric seals [4) performed after this program

was initiated showed that a seal with zero leakage could be produced by employing

wind-back grooves in the carbon sealing ring bores. However, time and cost con-

straints prohibited the incorporation of the results of the referenced work into

this program.
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7.0 CONCLUSIONS

Specific conclusions to be drawn from the program results include:

1. Manufacturing technology for producing the hybrid elastomer seal in

production lot sizes of 500 to 1000 units has been successful. The seal as

presently designed can be readily manufactured and is relatively simple to

assemble.

2. The seal has the demonstrated ability to sustain very high rubbing veloci-

ties, up to 102 m/sec (20,000 ft/min) indicating that the seal does show

merit.

3. High leakage rates exhibited by the present seal design were attributed to a

combined result of design deficiencies and test conditions of excessive

severity. Seals with wind-back grooves [4] have demonstrated no leakage at

test conditions of this type.

4. Power losses approached 2000 watts (3 hp) at 14,000 rpm. Post-test examina-

tion of test seals indicated no distress from overheating.

5. Carbon ring insert wear exceeded 0.025 mm (0.001 in.) over a test period of

between 18 to 27 hours. This short test time did not provide the opportu-

nity to evaluate long-term wear. The high wear demonstrated by these test

seals is not necessarily indicative of the wear experienced by seals operat-

ing for extended periods of time, since initial run-in wear of carbon seals

is characteristically greater than subsequent long-term wear. The use of

AISI type 304 series stainless steel as the seal runner provides long-term

corrosion resistance, but the material's lack of hardness, approximately R
c

15 as opposed to conventional seal runner hardness in the range Rc 50/60,

contributes to the high wear rates noted.

6. The tapered bore configuration on the carbon graphite sealing segments is

not cost-effective since it is very rapidly worn away during the run-in

process.
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7. Cost* of providing seals in large lots (at least 30 units) can approach $500

*for the small seal and $650 for the large seal, depending on burden rates

* and amortization rate for tooling.

*1982 dollars.
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HYBRID-EIASTOIIER SEAL DRAWINGS

0Small-Diameter Seal

PL399B09 Parts List -2-1/2 Inch Diameter Seal

399B09 Assembly - 2-1/2 Inch Diameter Seal

399C04 Outer Seal Ring

399C03 Inner Seal Ring

399D01 Molded Elastomer

399D05 Carbon Seal Ring

399311-Pi Garter Spring

*Large-Diameter Seal

P1,399B10 Parts List -5-1/2 Inch Diameter Seal

399B10 Assembly - 5-1/2 Inch Diameter Seal

399C07 Outer Seal Ring

399C06 Inner Seal Ring

399D02 Molded Elastomer

399D08 Carbon Seal Ring

399B11-P2 Garter Spring

*Tooling

399D20 Assembly Static Seal Tenter

399D21 Machining Assembly (5-1/2 Inch Diameter Seal)

399D22 Machining Assembly (2-1/2 Inch Diameter Seal)

399B12 Arbor (2-1/2 Inch Diameter Seal)

399C13 Arbor (5-1/2 Inch Diameter Seal)

399C14 Rear Cover

399C15 Support Tube

399C16 Seal Seat

399B17 Diffuser

399C18 OD Seal Ring

399C19 Cover

399C26 Assembly Tool for 399309 Seal

399C27 Assembly Tool for 399310 Seal

399C28 Garter Spring Insertion Tool

SI-C-5778 Seal Force Gage
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Hybrid U.astomer Seal: Contract - NASA NAS3-20837

Inaset1on Rawot: Date: 6-2(-'T/ By: Wt.

Seal Draving No. -3/&O . Seal Serial No. Z.

Garter Spring Tension: 1, 1--7-r lb.; 2, * .*" lb.

Carbon Ring Dinensions:

Ident if ication A B C

* 2-P I .IZ'?-/ .12"1 .1Z7'?

0 2- 4 -Z .IZ'77 .12-4 . IZ -7

'-..1 • -/-3 .' 12.z/ -

0 .1-.' I28-T .I2v* 1Z 7*2 z.- i .29 .:Z .uZ ,/.

:2..) IU f

Stattc Test Resiults:

iK. e Light Leakage (percent); -)

e Air Leakage. . . . . . ; Pressure .inPlov 15 "  cc/1
-. - - - - - -, - - - - - - - -- -

Carbon Ring Identification: (ME), - X2 - 3

S(11)1 -Set Sequeae. No.'

X2 - Location Position in Seal

X3  c i:rcmferential Location In Seal

Location Position Identification:

Axial Circumfer eant Ia

:'.-.



Hybrid Elastomer Seal: Contract - NASA NAS3-20837

InSnection Reprt: Date: G-2C-w)BY

Seal Drawing No. ___ __ _ seal Serial No.___::::_

Garter Spring Tension: 1, j."7 b.; 2, 1.- lb. .':

Carbon Ring Dimensions:

Identification A B C

* , -(-I . z122 .IZ74 .'Z)Z

.,712 9 . .aZS
* ,3- z. i'-f 4 .ez ":

* .7-3• I.g .1Z

* __, - .1281 .IV'7 .l2")S.

Static Teat Results:

o Light Leakage (percent); 0 751A.me. 7,.n-

* Air Leakage ...... .. ; Pressre _./in 2 Fov 6 Jcc/-

Carbon Rin Identification: (U), - 1 - .

() - Set Sequence, No.'

X2 Location Position in Seal

X3 - circumferential Location in Seal

Location Position Identification:

Axial CIrcmf event i&
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Hybrid Elastomer Seal: Contract - NASA NAS3-20837

Inspection Report: Date: By frtB&: .---

Seal Drawing No. IS-,eal Serial No.

Garter Spring Tension: 1, 1,29 lb.; 2, 1.< lb.

-* Carbon Ring Dimens ions:

Identification A B C

S1-I-I. : .ZVI /zg) .Izt
* .*J-Z ,.ZSj .IZ1 ..iZfZ

*z *23 */17b IV7)SO

*_"_ , °,__~d~ .2

. Light Leakage (percent); -

a Ai zLeakage ...... ; Pressure , ,1b1/ n nfow ca/l "

Carbon Rinit identification: (I), - X2 -3

- Set Sequende No.*

2 Location Position In Seal

X3 - circumferential Location In Seal

Location Position Identification:

Axial Circumf armntial

01
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Hybrid Elastomer Seal: Contract - NASA NAS3-20837

Inspection Report: Date: By: £A4 C

seal Drawing No.. Seal Serial No._ __ _-__

Garter Spring Tension: 1, . " lb.; 2, -.. lb.

Carbon Ring Dimensions:

Identif Icat on A 3 C

0 jv ,178*fj- ,174
- ~~~~- • -- _ .z Izq7

5-7~.I -

* S.q-2-- __,t__B - .it• '- 2-n .3?s tzgb mv

Static Test Reilts:

* Light Leakage (percent); -

* Air Leakage ......... ; Pressure lbIn2
1now _S cc/1

Carbon Ring Identification: (11), - 2 X 3
(X)i - Set Sequence No.'

- Location Position in Seal

X3 circumferential Location In Seal

Location Position Identification:

Az~alCircumferential
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Hybrid Elastoaer Seal: Contract - NASA NAS3-20837

Ispection Reort: Date: 6 y__

Seal Draving No. Seal Serial No._________

Garter Spring Tension: 1., b.; 2, S' l~b..

Carbon Ring Dimensions:

Identif ication A B C

* • .-. z -l?, *l. *. t'Yf. -

* .;-zo .I ~'.z .,t'L7:'

- .. ~-

-1~ .2Y7 .12n. .17+

Static Test Resslts:

* Light Leakage (percent); C ....

- Air Leakage. . . . . .; Presste 3 lb/ in2 now9 "'-l

- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - ---

Carbon ing Identification: (II), - X2 - X3

(11)i - Set Sequmene No.

-2 Location Position in Seal

X 3 -circmf eruit~al Location In Seal

Location Position Identification:

Axial Circumferential

7i
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Hybrid Elastomer Seal: Contract -NASA NAS3-20837

Inspection Report: Date: (O3'8 y: k J cl--

Seal Drawing No.a.?AO- Seal Serial No.________

Garter Spring Tension: 1, b.; 2, 7 ' l.

Carbon Ring Dimensions:

Identification A B C

* 2-I ( '477 IZ7S .1229

* 7-Z--? . J .g L7

Static Test Resalts:

e Light Leakage (percent); 7P % 7-41 17P

*Air Leakage . . . . . . ;Pressure I.* lb/In2 ,Flow so -cc/.

Carbon Ring Identif cation: (I) 2 X 13

-Set Sequence No.

X2 - Location Position In Seal,

X3 - circumferential Location In Seal

* Location Position Identification:

Axial Circumferential



Hybrid Elastower Seal: Contract - NASA NAS3-20837

InspetIon Report: Date: 41 z

Seal Drawing No. 3f (j Seal Serial, No._ __ __ __

Carter Spring Tension: 1, lb.; 2, lb. .-..

Carbon Ring Daeus ions:

Identif ication A B C

. 8-4-3 .1v . .,1.ri Lin

* X-__ -i 'i

Static Test Results:

" Liht Leakage (percent); ,

A AIr Leakage. . . . . . ; Pressure 3 lb/ln2,1Fov 70 cc/I
- --- -- ---- ------ - ----- ------- - ----- ------- ------------

-carbon Rin rdenification: x2I, - x3

(XI)I - Set SequenCe No.'

.2 - Location Position in Seal

X3 - circumferential Location In Seal

* . Location Position Identification:

Axial Circumferential
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Rbrid Elastomer Seal: Contract - NASA NAS3-20837

inspection Rteport: Date: By:... I6

Seal Drawing No.. _______Seal Serial No.________

Garter Spuing Tension: 1, 75lb.; 2, -7 Jjb. - -

Carbon ing Dimensions:

Ident ificat ion A B C

* 7-- .,Z7 !.12. .flhI

* 0 IZ7 gjap7 IZITR

* 7-1=* z .7Z71 .LZ')L

* -1 .E= .L= .l .i.- /iLd.

Static Test Remlts:

*Light Leakage (percent); ______

"Air Leakage. . . . . . ; Pressure i-2- S b/n2,Flow cc/-

Carbon init Identification: XX) 2 X3

()-Set Sequece No.'

• . 12 - Location Position in Seal

X3 cicumferemtial Location n Seal

Location Position Identification:

- Axial Crcunif erential

-7u--



Hybrid Elastomer Seal: Contract - NASA NAS3-20837

inption 1eort: Date: 6-26'51" By

Seal Drawing No. . Seal Serial No. "-

Carter Spring Tension: , 1lb.; 2, 1.')S_ lb.

Carbon Ring Tiensions:

Ident if icat ion A B C

* ( ,IZS'f ,'Zf.426

* Io.. ......- t :.eLA _

10-2 I4o I zjO

* Io. - . ./Z7, .t ZY

Stttic Test Results:

C" . Light Leakage (percent); 0 " J'44r- ,,.-
SAir Leakage. . . . . . ; Pressure ,l . b/ n2 ,Flow /.. cril1

Carbon Rlm Identification: - -

(ME) Set Sequence No.

.2 - Location Position in Seal

-. X 3 - circumferential Location in Seal

Location Position identification:

Axial Citrcumfe rot a

C,

-- 71- ,;,.
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Hybrid Elastomer Seal: Contract -NASA ?4AS3-20837

InsietIon Report: Date: -ZAG- iY:Ak-

Seal Draving No.. Zj& " Seal Serial No. (

Carter Spring Tension: 1, -AS lb.; 2. b.

Carbon Ring D:uens ions:

IdentIfIcation A B C

• I --z . lz.. .17/ ,-

* .11-1-15 .Izs,( .128t rM.af

* l-7..-g . .rL79,?.zi z7 L2L

* -ze in .17-9g
* I"Z - .uzttZ aIz.i .fz- r'/

Static Test Rsults:

* Light Leakage (percent); 0

-"Air Leakage..... . ; Pressure b 1 in 2
1 Flov 1," ce/I -

Carbon Ring Identification: (X), - 2 - 1

(1:]0- Set Sequence No.'

X 2 - Location Position In Seal

13 circumferential Location In Seal

Location Position Identif cat on:

Axial Circumf eential.
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.. . . .. .. .



Hybrid Elastomer Seal: Contract - NASA NAS3-20837

Inapection Report: D~ate. -26 BY

Seal Drawing No.. 3 . Seal Serial No. Z

Gaiter Spri iz Tension: 1, : lb.; 2, ....... .'

Carbon Ri g Dimensions:

Ident ificaton A C

- -. 7 .I ,z i .:Z*3

.• I-_-~_ z'.,zj .I -Z,zS 1 r

* _________ Z& .1211 lit ITC

Static Test Results:

C Light Leakage (percent); , " '

SAir Leakage. . . . . . ; Pressure b/n 2 ,_Flow 1t'

Carbon Rm Identification: (U), - X2 -X 3

(XX)- Set Sequemce No..

X2 - Location Position In Seal

X3 - circumferential Location In Seal

Location Position Identification:

Azal Circum erential
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APPEN]DIX C

INSPECTION REPORTS - STATIC TESTING OF
LARGE-DIAMETER SEALS
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Hybrid Elastomer Seal: Contract - NASA NAS3-20837

Inspection Report: Date: 3- ,3&1 By: 4G4. '

Seai Drawinig No.. sqgIlE al Serial No._ _ _...

Garter Spring Tension: 1, 1- lb.; 2, __ _ lb.

Carbon Ring Dimensions:

Identification A B C
* e-I - I .IgZ? / 23 ./Z-::

* -- Z ./12 . ./6zf,

* __-- __-_" ./42 467 .1*6Z

*- b' -- S ff./Z e.Z7N./;2Z7
* _________ /~2.a62~7 .16Z7

Static Test Reslts:

*Light Leakage (percent); 8jj Lu.r

. Air Leakage. ..... . ; Pressure lb/in 2 ,Flow / O cc/h:-.

Carbon Ring Identification: (XX), - 2 X3

(=l)- Set Sequence No.

12 - Location Position in Seal

X3 circmferential Location In Seal

Location Position Identification:

Axial Circumf rential

-77-
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Hybrid Elastomer Seal: Contract - NASA NAS3-20837 Pos r Turr "-:.

Inspection Report: Date: IZ-IS-8 By:

Seal Drawing No. Z77,0 eal Serial No._________

Garter Spring Tension: l,(Z) lb.; 2,(lb. .--

Carbon Ring Dimensions:

Identification A r C

* +'Iz . o .Lh., -I-C 2

* _______ _4e- 2-,/.LL .L .16 At 7

* '-14 y- J 12 - LZ.. ., I& t

* - .LGL. . Acl ,/zo.

Static Test Resits:

o Light Leakage (B); _ Blueing Check (Z)

Alt Leakage. .. . . . . ;Pressure l__bL/,in ,PFlow___ cc/hr.
----------------------------------- -- -- ---------- -- --- - --- -- -- -- -- -- -- ---

Carbon Ring Identification: (XX), - X2 - X3

(ME)Z  Set Sequence No.

" 22 - Location Position in Seal

X3 - circumferential Location in Seal

Location Position Tdentification:

Axial Circumf er ent ial

- oi% ' -

................................................ .... ..........- ................... . . . . . . . . . . •o "



Hybrid Elastomer Seal: Contract - NASA NAS3-20837

Insict ion Report: Date: jo B-~
-y

Seal Drawing No.. eal Serial No. ?
Garter Spring Tension: 1,_ lb.; 2, Z lb.

Carbon Ring Dimensions:

Identification A B C

* ?-/I-/? ,IZsO ,/6ZY ./JZ

* !A-L- .. ., z3 ., ., V

* 1-z-s" .(~2i ,/ Z6 ./6Z.

* _____.7 fZ: ~ a &J

Static Test Results:

*Light Leakage (percent); ______8~~1Cec()'~/

e Air Leakage .. .. ... ; Pressure V-b-/hin 'Flow /00 cc/h

Carbon Ring Identification: (XI), - 22 - X

(XX)1 - Set Sequence No.'

X2 - Location Position, in Seal

- X3 - circumferential Location in Seal

Location Position Identification:

Axial Circumfrential"

= ,
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HYbrid Elastomer Seal: Contract - NASA NAS3-20837

Inspection Report': Date: By:

Seal Drawing No, Seal Serial No.

Garter Spring Tension: 1, lb.; 2, lb.

Carbon Ring Dimensions:

Identification A B C

a 2-1-. .(II .165 -

? -I -Z .14/2 , z &,

*~JA .19/1___ 167.0.

* "T-,. ___ .I'Z :.9 ,/I ,

• ?...- ,I ljz 1621 !. _ ..

o 17-Z .167-7 I~ 3  I~

Static Test Reslts:

e Light Leakage (percent);

& Air Leakage ........ ; Pressure lb/in 2 ,Flow cc/"-

Carbon Rins identification: (XX), - X- N3

(XX) 1 - Set Sequence No.*

X2 " Location Position in Seal

X3 circumferential Location in Seal

location Position Identification:

Axial Circumfer ent ial

•• .- . . . . . . ... . ..-. • . . ..



Hybrid Elastomer Seal: Contract - NASA NAS3-20837

Inspection Report: Date: /0v-f By:~

Seal Drawing No.. _ _f__d_ Seal Serial No. /.

Garter Spring Tension: 1, . lb.; 2, = lb.

Carbon Ring Dimensions:

Identification A B C

0 /0-I- , ./4g 17 ?./410

* j-. g .1 . t I

0 M &- - .62 A -/ , S.ga 
|CI 

A

Static Test Results:

o Light Leakage (percent); Q , -

o Air Leakage ...... ... ; Pressure In 'Flow ISO cCI-.- - - - - - - - - - .- - _- - -  .,4~ o - - - - - - - - - - -- '

SCarbon RIng rdentificaton: ( X), - 12 - X3

- Set Sequence No.

X2'- Location Position in Seal

X3 - circumferential Location in Seal

Location Position Identification:

Axial Circumferent ial
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Hybrid Elastomer Seal: Contract - NASA NAS3-20837 res-t T ix-.f lo-" ,'

Inspection iReport: Date: /-S-em By: R/ ee.

Seal ])reving No. -328 a Seal Serial NO. /C

Cartew Spring Tension: 1, lb.; 2, _ _ lb.

Carbon Ring Dimensions:

Identification A B C

* 'a0-i ,l 7Z /L± ./ ;zG

* /0..2- v ./€.zD ./ y2,-..

. o-z. .leaz .J61 14 -l -

Static Test Results:

* Light Leakage (%); _ Blueing Check (2)

2& Ai Leakage ..... .; Pressure lb/In ,Flow cc/hr

Carbon Rinst identification: (UX),- 2-3
(XIl = Set Sequenc'e No.

X2 location Position In Seal

X3 - cfrcuferential Location in Seal

Location Position Identification:

* Axial Circumferential

..- ** -- ,--* ."-.. . .



Rybrid EWastomer Seal: Contract - NASA NAS3-20837

(7) Inspect ion Report: Dete:-/0-(3-61~'

Seal Drawing No.. SZ1da06 Seal Serial No. (

Garter Spring Tension: 1, lb.; 2, Z Lb.

Carbon Ring Dimensions.

Identification A B C

, /J - ,-2, ./,, ./, 2f,

e /1-1-3 4(6 1 I . cz z

* iI-2- i~ JSlZ

Static Test Results:

e. Light Leakage (percent); / BIei, cL..-

Air Leakage .. . . . . ; Presse lb/:2 ,Flov /.. c/h

Carbon Ring Identification: (XI), - X3 - '-
(=I- Set Sequence No.'

-2 " Location Position in Seal

I3 = circumferential Location in Seal

Location Position Identification:

Axial Clrcua fe-ential

-3-
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Itybrid Elastower Seal: Contract - NASA NAS3-20837 Pos- TasT"

Inspection Report: bate: B'?. . y: _

Seal Drawing No. 3 Abf Seal Serial No. /-

arter Spring Tension: 1, lb.; 2, = lb.

Carbon Ring Dimenasion:

Identif ication A 3 C

Static Teat Resualta:

9 Light Leakage (M; e,____ Blueing Check (M

21

eAir Leakage. . . . . . Pressure 2F

------------------------------- - -- ---------- -- ------ - --- -- -- -- -- -- -- --

Carbon Ring Identification: (ME), X 2 - X

(XX 1 /--Set Sequent*/ No.

12 - Location Position In Seal

X3- clxcI-foe*tial Locatlon In Seal

Location Position identification:

Axial Circumferential
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Hybrid Elastomer Seal: Contract - NASA NAS3-20837

0 Insuetlon Rdvort: Date: /-.-I By:

Seal Drawing No.. 3fl8C+8 Seal Serial No. I Z

Garter Spring Tension: 1, 2- lb.; 2, Z- lb.

Carbon Ring Dimensions:

Ident fication A B C

* IZ___I- __I .l(.t .J ;z7 ..z8 --

* 12-______ ./ ( .2 .1621./¢zz

•" 12 t-~ ,,2S./ ; 2 ? 2P 'Z?

S/2....S ./z.42c ./4271.1,9Z

*6 /I ( 4

Static Test Results:

*Light Leakage (percent); 14C Z S

Air. Leakage. . . . . . ; Pressure Z- lb/I n Flow /So CC/'

Carbon ing Identification: (XX), - X2 - 3

(13)1 - Set Sequence No.

X2 - Location Position in Seal

X3 - circumferential Location In Seal

Location Position Identification:

Axial Circumfrential

(el-

-85-



Hybrid Eiastomer Seal., Contract -NASA NAS3-2 0837 '

102Spetlon Report: Date: 3~-~By: P-

Seal Drawing Na.. 37fgg Seal. Serial No.________

Garter Sprinig Tension: 1, 2. lb.; 2, z lb.~

Carbon Ring Dtmensions:

Identification A I C

* tZ T-. /o C if 23 0

Static Test Resslts:

*Light Leakage (Z); e_____ Bluelug Check (Z)______

*Air Leakage,. .. .. ... Pressure n 2 jFov____ cc/hr.

* Carbon RUna Identification: (IX). X 2 X3

() 1-Set Sequence No.

32 r Lcation Position in Seal

X.3 -circumferential Location in Seal

Location Posit ion Identification:

*Axial Circumferential
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Hybrid Elastomer Seal: Contract - NASA NAS3-20837

QInspection Revort: Date: By: o- 5-t~t

Seal Drawing No.. 'Seal Soial No. L3

Garter Spring Tension: 1,. 2. lb.; 2, 2- lb.

Carbon Ring Dimensions:

Identification A B C

* £LL..-/', .... ~.3O 1431 ./6z1

* 13-f- .. I .1,z. z' , ",3(-

* 1377"3-2 , Z7 I . Z.
* ___-__.- _ ,4fz7 .lz .1(.27?

* 13-2-C -1.27 /gz 1

Static Test Reslts:

.Lght Leakage (percent);

SAir Leakage. . . . . . ; Pressure l lb/In2 , Flov _c/h:

Carbon Ring Identification: (U), - X2 - 13
(X) 1 = Set Sequence No.

X- Location Position in Seal

X3 - crcumferential Location in Seal

Location Position Identification:

Axial Circumferential

-87- "
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I . . . u - ".. .

'Hybrid Elastouer Seal: Contract - NASA NAS3-20837 .7 +

InMoetIon Ueporn: iat~ /.z -3e/ B:e

Seal Drawing No. Seal Serial no. ["

Garter Spring Tension: 1, lb.; 2, lb....._-__"l

Carbon liUng Dimensions:

Identification A B C

* J.3..........A04&1 -Iitk~Z

* ..L3..&...-/o ... I .//,, ../l ;z.I.

* l (-I-" ,1.46 ..16 .. t,

Static Test Results:

a Light Leakage (); ,, __ Blueing Check ()

* Air Leakage. . . . . . ; Pressure lb/in 2 ,Flovcc/hr.

-------------------------------- - - ---------- -- ----- - -- -- -- -- -- -- -- ---

Carbon Ring Identification: ( X), - 3 -

(ME) Set Sequence No.

12 - Location Position in Seal -

X3 - circumferential Location in Seal

* Location Position Identification:

. Axial Circumf erential

-88-
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Oybrid Elastomer Seal: Contract - NASA NAS3-20837

Inspection Rport: Date: By:

Seal Drawing No.. : Ieal Serial No.

Carter Spring Tension: I, 1b.; 2, Z.. lb.

Carbon ling Dimensions:

Identif ication A B C

* q-Z5 . 66Z 1 .. Z3

* /,'4-._ .Ir Z. ./ zI -/ .8

* ______._ ./4! 2 .?za

* /yZ>". ././ , I .t1:3L

Static Test Reselts:

C Light Leakage (percent); 0 S/d( iei) c/ .,

2
0 A rLeakage ..... ; Pressure T.- inb/ ,n-Flow_ _-.

-- -- -- - ------- - --------- - ------ - ---------- -- -- -- -- -- --

Carbon Rin ,dentification: ( X2), - X3 - 1-
(M) 1 - Set Sequence No.

X2 - Location Position in Seal

X3 - circumferential Location in Seal

*Location Position identification:

Axial Cfrcumfer ent IAl

-89-
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9 9 P

Hybrid lastomer Seal:- Contract -NASA NAS3-20837

Inspection Report: Date: L/C)-ZS--VL y:

Seal Drawing No. Seal Serial No. t'
Garter Spring Tension: 1, 2.. b;2, lb

Carbon Ring Dimensions:

Identif ication A 3 C

* ~ ~ ~ ~ _ _______ IZc) 4 /(S d/Z

IV/. 3 4/7 d14l

* I1. z -if .1&22 qcrJ

0 14 -Z-5,A,4 )- .I11

Static Test Resujlts:

e Light Leakage (%) B_____ lueing Check (2)

0, Air Leakage . . . . . . ;Pressure lbIn2 Flow____ cc/hr.

Carbon Ring Identification: (XX), - X2 X3

-Set Sequence No.'

12 -Location Position in Seal

X3 -circumferential Location in Seal

Locat iona Position Identification:

AxiLal Circumferential

090

.. . . . . . . .. .



Hybrid Elastomer Seal: Contract - NASA IIAS3-20837 L . 8. /

()Inesctiou Report: Date: )O-il-6)

Seal Drawing No.. 3?7I/3 8 seal Serial No. -

Garter Spring Tension: 1, lb.; 2, lb.

Carbon Ring Dimensions:

Identif Icat ion A B C

( /30 -i 4-3

~~e /&L-L.. .1dW: -.li.. .'--

* Ir'.-b. _ .c',I .14't..ICZC

• I( - 4y -1W-2q Z1621.12,a

Static Test Reiats:

0 ~* Light Leakage (percent); 0Bu ~ k

. Air Lekae ......... ; Pressure -,l b ./n2 ,Fov / IV ccO/h
----------------------------------------------

Carbon Rins rdentification: CXI), - X2 X I3

(X) 1 - Set Sequence No.

12mLocation'Position In Seal

13 circu ferential Location in Seal

Location Position Identification:

Axial CircumfeGrentia1
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Hybrid Elastomer Seal: Contract - NASA NAS3-20837

Inspect ion Report: Date: 14 24 i

Seal Drawing No. -Seal, Serial No. U

Garter Spring Tension: 1, lb.; 2, lb. -

Carbon Ring Dimensions:

Identification- A B C

• l JL-./ ., ," d .L../ -6-

.________ ./~z4 .In2' I.I?_"

*- ___-__.-__ ,j 2z..lag .l(.L:.

I| /'- z,-s- ,/~ ,1 j ,1:- -'-o

Static Test Results:

e Light Leakage (%); _ Blueing Check (%)_ _-

e Air Leakage ..... .; Pressure lb/In ,Flow cc/hr.

-------------------------------- - - ---------- ----- - -- -- -- -- -- -- -- -- ---

,* Carbon Ring Identification: (M), - X2 - X3

(MXO - Set Sequence No.

2 - Location Position In Seal

X3 - circumferential Location in Seal'

S Location Position Identification:

' Axial Circumferential

0X

-92-
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Hybrid Elastomer Seal: Contract - NASA NAS3-20837

(0' Inspection Report: 1Date: B//- Ey:_ M .:.

Seal Drawing No. 62 Seal Serial No. 1 7
Carte Spring Tension: 1. 1b.; 2. -.- lb.

Carbon Ring Dimensions:

Identification A B C

* 17. ,-)z .,zt .I ?o .ZSJ

629 3
* r"' z.../ I .( L.

Static Test Resul-ts:

I Light'Leakage (0); ) * Blueing Check (Z)"

.Air Leakage........ . ; Pressure .Z lb./n 2 ,Flo. ..-. cc/hr.

Carbon Rins Identification: (XX). - X2 - X3

(M)i - Set Sequenc'e No.

X2 - Location Position In Seal

X3 - circumferential Location in Seal

Location Position Identification:

Axial Circumf erential

* -93-
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_YbrId Elastomer Seal: Contract - NASA NAS3-20837

Instionk Report: Dote: YI'

Sal Drawing so. ________Seal Serial No. 1 7
Carter Spring Tension: 13 lb.; 2, 1__ _-.-b.

Carbon Ring Dimensions:

Identification A I C

* 17-I- Z p.I' .1to ,Ixf

* 17-1-3 .1620 All5 .1411

* l- 7 -S .___ .-52I .L~f"'
* /7-"2- ,t zq Jl, Z l,6Z -

Static Test Resuilts:

o Light Leakage (B);, * Blueing Check (2)

0 Air Leakage. . . . . ; Pressure lb/in2,Flov cc/hr.

Carbon ung Identification: (XX), - X 3 - 3

(1Z) - Set Sequence No.

X2 - Location Position in Seal

X3 circumferential Location in Seal

Location Position Identif icatIon:

Axial Circumferential

-94-

............... ........................................... ...

"*eL"............................... _. .........._,..... ................. ,._. s ,



-7 77 7

APPENDIX D

PROPOSED PROCESS SPECIFICATION FOR THE PRODUCTION

OF ELASTOMERIC-RYBRID SEAL-

-95-
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1. SCOPE

1.1 Scope. This process specification covers the fabrication, assembly and

quality assurance provisions necessary for production of elastomeric-hybrid

seals for helicopter transmissions. This specification conforms to Form 2 of

NIL-S-83490.

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on date of invitation for

bids or request for proposal form a part of the specification to the extent

specified herein:

SPECIFICATIONS

Federal

TT-S-735 Standard Test Fluids; Hydrocarbon

UU-P-268 Paper, Kraft, Untreated Wrapping

PPP-B-601 Boxes, Wood, Cleated-Plywood

PPP-B-636 Box, Fiberboard

PPP-T-45 Tape, Gummed, Paper, Reinforced and Plain, for Sealing

and Securing

Nilita.

MIL-P-4861 Packing, Preformed, Rubber, Packing, Packaging of

NIL-P-116G Preservation-Packaging, Methods of

MIL-R-25897 Rubber, Fluorocarbon Elastomer, High Temperature, Fluid

Resistant

NIL-R-83248 Rubber, Fluorocarbon Elastomer, High Temperature and

Compression Set Resistant

NIL--45208A Inspection System Requirements

NIL-C-45662A Calibration System Requirements

-97-
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STANDARDS

Militay

MIL-STD-10S Sampling Procedures and Tables for Inspection by Attri-

butes

MIL-STD-129 Marking for Shipment and Storage - "

MIL-STh-407 Visual Inspection Guide for Rubber Molded Items

2.2 Other Publications. The following documents form a part of this specifics-

tion to the extent specified herein. Unless otherwise indicated, the issue in

effect on date of invitation for bids or request for proposal shall apply.

ASTM D297-67T Rubber Products, Chemical Analysis of

ASTH D395-67 Compression Set of Vulcanized Rubber, Tests for

ASTM D412-68 Tension Testing of Vulcanized Rubber

ASTM D471-66 Change in Properties of Elastomeric Vulcanizates Result-

ing from Immersion in Liquids, Test for

ASTM D573-67 Accelerated Aging of Vulcanized Rubber by the Oven Method
ASTM D1329-60 Low-Temperature Characterisitics of Rubber and Rubber-

Like Materials by a Temperature Retraction Procedure (TR

Test)

ASTh D2240-68 Indentation Hardness of Rubber and Plastics by Means of a

Durometer, Test for

AMlS 2485C Black Oxide Treatment

Application for copies of ASTh Standards should be addressed to the American

Society for Testing and Materials, 1916 Race Street, Philadelphia, Pennsylvania

19103. AMS Standards can be obtained from the Society of Automotive Engineers,

485 Lexington Avenue, New York, New York 10017.

3. REQUIRED PROCEDURES AND OPERATIONS 7.

3.1 Equipment. Equipmnt necessary to fabricate the several components of the

hybrid slastomer seal are those normally found at those suppliers who customar-

ily fabricate such components.

-98-
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: 3.2 Materials. Materials of construction shall conform to the following.

3.2.1 Seal Ring Housings. Cold drawn seamless mechanical steel tubing; AISI

1018/1026 or MT-1018.

*: 3.2.2 Molded Elastomer. Fluorocarbon, molded MIL-R-83248 70 durometer shore

: -hardness and shall be of the same composition as the material used for the

preproduction sample.

3.2.3 Molded Elastomer Assembly. Black Oxide per AMS 2485C.

3.2.4 Inner Steel Rini Housing. Black Oxide per AMS 2485C.

3.2.5 Carbon Seal Rings. Molded carbon graphite per Pure Carbon P-25; National

Carbon CCP-72 or Carbon Technology Inc. Grade 6.

3.2.6 Garter Springs. Stainless steel wire, AISI 302/304.

3.3 Dimensions and Tolerances. Unless otherwise specified, dimensions and

tolerances of seal components shall be as specified on the drawing or in the

contract or order.

3.4 Required Procedures and Processes. Fabrication of hybrid elastomer seal

*components shall be performed according to normal commercial practices. Assem-

* bly of seal components into the final seal configuration shall not result in

damage to amy individual component. During assembly, the garter spring tension

shall be adjusted according to the following:

a. For 5.481 in. dia. seal at its operating diameter; tension = 2.00 lb

b. For 2.500 in. dia. seal at its operating diameter; tension = 1.75 lb.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspection. Unless otherwise specified in the contract

or purchase order, the supplier is responsible for the performance of all

inspection requirements as specified herein. Except as otherwise specified in

the contract or order, the supplier may utilize his own or any other facilities

-99--



suitable for the performance of the inspection requirements specified herein,

unless disapproved by the Government. The Government reserves the right to

perform any of the inspections set forth in the specification where such

inspections are deemed necessary to assure supplies and services conform to

prescribed requirements.

4.2 Monitoring Procedures for Equipment Used in Process. Equipment used in

producing or processing seal components or assembled seals shall be inspected in

accordance with Paragraphs 3.3 and 3.4 of MIL-I-45208A.

4.3 Monitoring Procedures for Materials. Assurance that materials used in

producing the elastomeric-hybrid seal components comply with specifications

shall be implemented by the imposition of Paragraph 3.12 of MIL-I-45208A.

4.4 Classification of Tests. The inspection and testing of the hybrid elastom-

er seal shall be classified as follows:

a. Preproduction inspection (see 4.5)

b. Quality conformance inspection (see 4.6).

4.5 Preproduction Inspection.

4.5.1. Preproduction inspection of the elastomer shall conform to Paragraph 4.3

of MIL-R-83248.

4.5.2. Preproduction inspection of the remaining seal components shall be

considered accomplished when certification of conformance to material specifi-

cations has been provided by the supplier.

4.6 Quality Conformance.

4.6.1 Sampling for Inspection. Sampling for quality conformance inspection

shall be in accordance with MIL-STD-105, except where otherwise indicated

herein. Quality conformance tests are required for all production lots of mate-

-100-
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4.6.1.1 Lot. A lot shall consist of all material of the same identity used in

the same production run, from the same batch, and submitted at the same time for

inspection.

4.6.2 Quality Conformance Test Samples. Whenever possible, the end item, or

specimens cut from the end item, shall be used as the sample. If these items are

unsuitable for use as test samples, tests shall be performed on samples of iden-

tical composition as that of the end item.

4.6.3 Inspection of Materials and Components. The supplier is responsible for

insuring that materials and components used were manufactured, tested, and

inspected in accordance with referenced subsidiary specifications and standards

to the extent specified, or if none, in accordance with this specification (see

4.1). In the event of conflict, this specification shall govern. Inspection

records shall be kept complete and available to the procuring activity at all

times.

4.6.3.1 Inspection of Molded Elastomer. The supplier shall inspect the molded

elastomer in accordance with Paragraph 4.4 of HIL-R-83248.

4.6.3.2 Inspection of Remainin Seal Components. The supplier shall inspect

seal components in accordance with inspection level II of MIL-STD-105 and the

ALQ related to percent defective shall be 1.5.

4.7 Test Methods. Each fully assembled hybrid elastomer seal shall be tested

for performance by the following procedure.

Seal performance shall be determined by mounting the seal -in a seal

test fixture which can be pressurized. The accuracy of the seal bore

shall be determined by a combination of means which includes air leak-

age checks, light tightness and blueing procedures to get a qualita-

tive measure of the percentage of contact area. The shaft diameter

for these checks shall be round, within 0.000050 inch with taper less

than 0.0002 inch per inch.

-101-

A -.- . * . .. • •. o . -. o. o- ° • • o ° - . . - % - . . . . , -



4.7.2 Acceptance Critera shall be:

1. Air leakage, less than 150 cc/hr at 3 psig

2. Light tightness, no light leakage shall be discernible with the unaided

eye

3. Blueing procedure, a qualitative measure of the percent of coverage of

75% shall be acceptable.

5. NOTES

5.1 Intended Use. The seals procured to this specification are intended for

use in military helicopter transmissions where resistance to jet fuel, synthetic

engine lubricants or petroleum-based hydraulic fluids is required. In addition,

* the inclusion of carbon-graphite sealing elements provides improved speed capa-

bility for advanced transmission designs.

10
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